Background: Ten improved upland rice lines presently grown in dry upland rice field of Jharkhand, Odisha, and Bengal, the three most significant rice yielding states of eastern India, were screened under varying induced water stress to reveal their physiological and biochemical performance followed by rice microsatellite-based genotyping and detection of SNPs for a selected genetic loci (OsLEA3) associated with drought responses in higher plants.
Introduction
As per ICRISAT-WWF Project (2009), rice cultivation is the highest water-consuming process as it needs about 3000-5000 L of water for production of 1 kg of rice. Being one of the single biggest users of freshwater for rice cultivation, Asia consumes more than 40% of the worlds' freshwater for irrigated rice cultivation (Gleick et al. 2002; Abdallah et al. 2016 ). Tuong and Bouman (2003) estimated that, by 2025, approximately 2 million hectares of irrigated dry season rice system and 13 million hectares of wet-season rice system will experience water scarcity. Nowadays, it became essential to practice the cultivation of upland rice lines which are highly drought tolerant and able to grow in adverse heterogeneous environment due to lack of sufficient rainfall and avoidance of over-exploitation of ground water. For popularization of such upland rice lines, a number of early flowering drought-tolerant rice lines have been released by ICAR-NRRI, the premier research institute of eastern India.
The objective of this present investigation was selection of the best performing rice genotype, suitable for dry upland rice field of eastern India through a number of common experiments which included (i) physiological and biochemical screening under varying induced water stresses, (ii) genotyping of the studied lines with nine drought tolerance linked SSR markers, and (iii) identification of the variation of DNA sequence amplified from the gene, OsLEA, for the best performed genotype considering IRGSP sequence as reference sequence.
Materials and methods
Ten upland rice lines commonly grown as the most popular lines in dry upland rice field of Jharkhand, Odisha, and Bengal were selected for the present study. The selected lines were collected from Central Rainfed Upland Rice Research Station (CRURRS) Hazaribagh (Jhanrkhand), India, which is the upland regional research station of ICAR-NRRI, Cuttack (Indian Council of Agricultural Research-National Rice Research Institute, Cuttack), where a good number of upland drought-tolerant rice lines are maintained and experimented for their possible utilization in breeding. The geographic location of CRURRS is shown within India in Fig. 1 . All the rice lines were maintained in University experimental fields with our own accession number in addition to IRGC number for better management, representation, and identification and is presented in Table 1 .
Agromorphological characterization
Each lines were grown in normal growth condition and primarily characterized for a few most common agromorphological traits (days to flowering, flag leaf length, panicle length, number of spikelets/panicle, grains/panicle, grain shape, and 100 grain weight).
Physiological screening under induced water stress
Physiological screening for drought response was done in small earthen pot of 15 cm diameter and 16 cm height. For each line, four pots were prepared with equal amount of rice field soil mixed with natural composed fertilizers and in each pot four plants were established through direct sowing. Drought was induced through direct withdrawal of water from the soil for a fixed duration followed by regular supply of water for 1 month duration as recovery period. Six-week-old healthy young plants were water stressed for 2 days, 4 days, and 6 days and designated as T1, T2, and T3 respectively following published report (Chan et al. 2012 ) after little modification. For each line, a control set was maintained, where pots were regularly watered and recorded regularly on the same days interval like treatment set and designated as C1, C2, and C3 respectively. The whole sets of experimental plants were maintained in the same environmental condition within glass house. Each treated lines, after completion of respective duration water with drawl, saturated with water regularly for 1 month duration as recovery period. The soil moisture content of each plot was monitored accordingly and adjusted with help of a soil moisture meter (Lutron, PMS-714) and presented in Table 2 . The whole experiment was conducted in the month of April-May, 2016 and average temperature was recorded as 38-42°C and 26-28°C during day and night time, respectively. Experimental set up for screening and external morphology of a single representative plant under induced drought is presented in Fig. 2 .
Physiological screening
Plant height of both control (C1, C2, C3) and test (T1, T2, T3) lines were recorded and plotted graphically in pair for each individual lines.
Biochemical estimation for selected compounds
Five biochemical compounds (chlorophyll, carotenoids, catalase, peroxidase, ascorbate peroxidase contents) were estimated to determine their variable availability in normal and stressed plants. Total chlorophyll and carotenoid contents were estimated by standard protocols (Arnon 1949; Talcott and Howard 1999) .
Three antioxidative enzymes (catalase, peroxidase, and ascorbate peroxidase) were quantitatively estimated following the standardized protocols (Snell and Snell 1971; Biswas and Choudhuri 1978; Chance and Maehly 1955; Kar and Mishra 1976; Nakano and Asada 1981) . At recovery test, during post-stressed period, regular supply of water was done for 30 days and after completion of a month tenure, all the five biochemical compounds were estimated both in recovered plants and respective control plants of individual lines.
Genotyping

Marker-based screening
Genomic DNA of the studied rice lines was isolated following a pre-standardized protocol (Roychowdhury et al. 2012 ) of our laboratory. Nine microsatellite loci earlier reported (Lin et al. 2007; Kamoshita et al. 2008; Chen et al. 2011; Lang et al. 2013; Noorzuraini et al. 2013 ) to be linked with differential drought responses were selected for genotyping. The detailed information of the selected loci is presented in Table 3 . Sequence information of the selected SSR loci were retrieved from Gramene database (http:// www.gramene.org/), a comparative web data resource for cereal crops. Basic Local Alignment Search Tool (BLAST) in Gramene (http://www.gramene.org/) was done to confirm the complementarity of primer sequences of the selected SSR loci markers in rice genome. PCR amplification was performed in 25 μl of reaction mixture following our earlier reported work (Goswami et al. 2015) . Annealing temperature was changed according to the melting temperature (Tm) value of different primer pairs and the amplified products were resolved through 1.5% agarose gel. The Where C = moisture content before the beginning of experiment or in control conditions or zero day, T1 = moisture content after 2 days of induced drought, T2 = moisture content after 4 days of induced drought, T3 = moisture content after 6 days of induced drought molecular weight (in bp) of the amplified products for the different studied SSR markers was determined using gel analysis software (AlphaEaseFC 4.0, USA). Individual alleles (variation in molecular weight of amplified product for individual primer pairs) for the SSR markers were scored to prepare a 1/0 matrix based on presence (1) and absence (0). A dendrogram was constructed using complete linkage between groups using R, a statistical programming software. Polymorphism information content (PIC) values for each SSR marker were calculated using a simplified formula (Hwang et al. 2009 ).
Sequence diversity analysis and detection of SNPs for rice LEA gene
Rice late embryogenesis abundant gene (OsLEA3), functioning under differential osmotic stresses (Duan and Cai 2012) , were subjected to amplify with the genomic DNA of studied lines to find out the sequence variation in respect to reference sequence available IRGSP database. The detailed information of the used primer pair is presented in Table 3 .
Results
The morphology of grain and kernel of each studied lines are presented in Fig. 3 . It has been seen that most grains are slender in shape, and medium shaped grain is found in IR64drt and CRdhan 103. Abhisek has bold grain. The detailed agromorphological characterization with specific note is presented in Table 4 . This information is very much significant for ready identification of individual lines with little information on growth behavior. The experimental set up and effect of differential drought stress on external morphology of single plants is presented in Fig. 2 , which showed full greenish coloration in control plant which gradually reduces in T1 and T2, and in T3 the leaves gradually dried into straw. Leaf rolling was first started in T1 plants and completely rolled in T3 plants and finally dried into straw. To compare the plant height between control and test plants of different stages across the studied lines, pairwise comparison of the mean values were tested through Duncan's multiple range test (DMRT) in SPSS 16.0 and the plant height of the studied lines are graphically presented in Fig. 4 where different groups are presented by letters a, b, c, d, etc. All the ten rice lines showed drought tolerance capacity up to a moderate drought stress in the present experiment.
Varied accumulation of studied biochemical compounds (chlorophyll, carotenoid, catalase, peroxidase, and ascorbate peroxidase) in control and test lines during drought and in recovery phase are presented in Fig. 5a -f, respectively. Pairwise comparisons of the mean values were tested through DMRT as mentioned earlier presented by different letters. At the highest stressed condition with respect to its control set, CRdhan 40 showed best performance for chlorophyll content, carotenoid content, catalase, and peroxidase activity which were 10.51 mg/g, 2.52 mg/ g, 17.07 unit/min/g fresh wt., and 155.98 unit/min/g fresh wt, respectively (Fig. 5a-d) . Var. Anjali showed high catalase activity (9.22 unit/min/g fr.wt.) under highest stressed condition in respect of its same aged control set. Var. Vandana was the best accumulator of carotenoid (2.23 mg/g fr. wt), whereas CRdhan 103 was the least accumulator of ascorbate peroxidase (0.31 unit/min/g fr. wt.) at T3. Under induced stress, Kalinga III did not show any remarkable accumulation of biochemical compounds except ascorbate peroxidase (Fig. 5e ) to overcome drought but the level of ascorbate peroxidase was not enough to survive it under severe stress. The different biochemical compounds estimated were analyzed through simple pair t test using SPASS 16.0 to test the significance of mean difference of individual stressed plant with its same aged control set at the level of P < 0.05. At recovery test, during post-stressed period with regular supply of water for a month, except Sneha and Kalinga III, all were recovered but rate of recovery were least in case of CRdhan 103. Promisingly, Vandana, CRdhan 40 showed best performance both in drought tolerance and degree of recovery (Fig. 5f ) . The different allelic forms in terms of variation in mol. wt. of amplified products for individual SSR loci across the studied lines are presented in a microsatellite panel (Table 5 ). The SSR loci RM242 and RM3825 produced maximum (six) allele while only one allele (monomorphic) was generated for RM321 across the studied ten rice lines and the highest amplified product (225 bp) is represented by RM242. The polymorphism content value (PIC value) of individual SSR loci across the studied genotypes were calculated and presented in Table 6 . A 1/0 matrix of the studied ten rice lines for nine SSR markers was created on the basis of the presence (1) and absence (0) of a specific band which was further used to prepare a similarity matrix and construction of a dendrogram (Fig. 6 ) using R Program. In derived dendrogram, two major clusters were generated of which the first one was shared by Sahbhagidhan, Abhishek, IR64 Drt 1, CRdhan 103 and the second cluster has included two sub clusters. The first sub cluster included Sneha and Kalinga and in the second sub cluster Anjali and Virendra produce a small cluster which again share with Vandana to form another cluster which again share with CR Dhan 40. In LEA gene-specific genotyping, Vandana and CR Dhan 40 shared a common allele of 1173 bp. Another two different allelic forms of this gene were recorded from Anjali and Sahabhagi of molecular weight 1210 bp and 1036 bp respectively and is presented in Table 7 . Twenty-three local SNPs were detected from the best tolerant line CRdhan 40 through aligning the amplified DNA sequence (for LEA gene) with the LEA gene sequence of reference genome from IRGSP (Table 8 ) of which 12 were transitions and 11 were transversions.
Discussion
Of the different abiotic stresses, drought is the most significant constrain for rice yield stability. Cultivation of rice with less water is the global issue across all rice growing countries including India. In this regards, cultivation and popularization of upland rice more specifically aerobic rice is the prime solution. Almost all rice growing countries including China has developed some aerobic rice lines which are being cultivated in upland rice fields. In this present study, all the rice lines investigated are from dry upland areas where there is no irrigation facility and solely depend on availability rain water. Upland and aerobic rice lines maintained their growth and performance under limited water condition by virtue of a number of morphological, physiological, and biochemical adaptation, the study of which are significant for upland rice breeding programme. In addition to these screening with drought tolerance linked molecular 
Conclusion
All the different parameters mentioned are attempted to include in this present study for choosing suitable lines for upland rice breeding programme. In the present study throughout the whole experiment, three studied lines, CR Dhan 40, Vandana, and Sahabhagidhan, performed better in both physiological and biochemical performance under induced drought. 
